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Urban flooding poses a significant challenge in Malang City, particularly within unplanned 

settlements where rapid urbanization and inadequate infrastructure intensify flood risks. This 

study evaluates flood vulnerability by integrating object-based classification with multivariate 

analysis, focusing on the effects of land cover types, slopes, elevations, rainfall intensity, and 

NDWI on flood occurrences. Using advanced remote sensing with high and medium resolution 

imagery, coupled with Multiple Linear Regression Analysis, the research quantifies the 

influence of these factors on flood potential. The findings reveal that built-up areas 

significantly increase flood risk, as evidenced by a high positive regression coefficient (β = 

0.580), while open spaces and vegetation, such as fields and trees, strongly mitigate flood risk 

(β = -0.653 for rivers, β = -0.401 for fields). The model explains 84.7% of the variability in 

flood vulnerability (R² = 0.847), indicating the substantial impact of environmental and urban 

factors. These results emphasize the need for urban planners to integrate flood risk 

management into city planning, particularly through the preservation of green spaces and the 

enforcement of stricter zoning regulations. Such strategies are crucial for enhancing urban 

resilience to flooding and advancing sustainable development goals, particularly SDG 11 

(Sustainable Cities and Communities) and SDG 13 (Climate Action). 
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1. INTRODUCTION

Flooding is a common disaster in both urban and rural areas. 

However, in urban areas, the occurrence of floods are unique 

because of built-up land which are in line with an increase in 

population density. In addition, rainfall intensity and duration 

are also main causal factors [1, 2]. The impacts of flooding are 

prominent in densely populated urban areas, with the worst 

impacts felt within unplanned settlements [3]. Unplanned 

settlements are informal settlements built in areas that are not 

in accordance with the laws and regulations in the Detailed 

Spatial Plan of the local area [4, 5]. The existence of unplanned 

settlements is defined in the phenomenon of urban sprawl, 

which is the uncontrolled expansion of urban growth, where it 

mostly occurs in areas by water sources where it mostly occurs 

in areas by water sources especially rivers [6]. Unplanned 

settlements, which are often characterized by a lack of 

compliance with development control mechanisms and the 

construction of illegal structures, pose a major challenge in 

many urban areas [7]. These settlements usually start with 

illegal residences and may grow to form populated areas [8].  

The development of Malang as a city of education, tourism, 

and industry has led to urban growth and increased population 

density. Malang City is known to have many universities, 

namely 8 state universities and 28 private universities [9]. 

Apart from that, there are 17,220 industries in the city which 

makes it the third largest in East Java Province [9]. This has 

an impact on the fulfillment on the need for space for activities 

that continues to increase. Thus, urban growth began to move 

away from the city center by spreading out to the outskirts of 

Malang City, and some of this growth resulted in the 

emergence of unplanned settlements [10]. Within the 

unplanned settlement area there are also several houses or 

settlements that are considered slums. The survey results in 

each urban village in Malang City show that there are 31 urban 

villages that are indicated as slums based on the Regulation of 

the Minister of Public No.14/2018 [11]. The slum locations are 

scattered in each sub-district in Malang City totaling 317 

neighborhoods with a total area of 282.33 Ha. Which stated 

that 29 were found in a total of 57 sub-districts, is categorized 

as a slum area. The most numerous slum areas in the Malang 

City were identified found in the Lowokwaru sub-district area 

[12]. In addition, the data from the Regional Agency for 

Disaster Management (BPBD Malang City) states that there 

are 20 flood location in Malang that always experience 

flooding every rainy season [13]. These floods lasts for a short 

duration, but also has a negative impact on the citizen of 

Malang. Based on public perception, losses from flood 

disasters result in property and human casualties [14]. This 

also gave rise to opinions among the public that community 

involvement in the process of formulating policies for 

implementing spatial planning in the form of statutory 
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regulations in the city of Malang related to flood management 

has not been optimized, giving rise to many development 

violations which have resulted in flooding in the city of 

Malang [15]. 

Areas in the Malang City study area dominant with a 

moderate or vulnerable level of vulnerability with a percentage 

of 63.0885% of the total area of Malang City or an area 

6777.0180 Ha. Distribution of vulnerable areas Flood disasters 

in Malang City tend to be at an altitude of between 400 – 475 

m and are close to rivers that has the potential for high levels 

of runoff [16]. The Regional Disaster Management Agency 

(BPBD) recorded 29 points affected by flooding in Malang 

City, East Java. The floods, which reportedly also damaged 

several infrastructures, were triggered by high-intensity rain 

from noon to evening.  

As a result, flooding occurred at a number of points in five 

sub-districts in Malang City. In Blimbing Subdistrict, flooding 

occurred on Sulfat Street and Sunandar Priyo Sudarmo Street. 

In Lowokwaru Subdistrict, flooding occurred on Raya 

Sudimoro Street, Raya Tlogomas Street. Then Sansiviera 

Street, Bunga Cokelat Street, Semanggi Barat Street, Soekarno 

Hatta Street, Dam Sutami Street and Simpang Gajayana Street. 

In Klojen Subdistrict, floods inundated Semeru Street, Veteran 

Street, Bondowoso Street, Trunojoyo Street, Bandung Street, 

Mayjend Pandjaitan Street, Bareng Raya Street and 

Galunggung Street. Flooding also occurred in the basement 

area and the first floor of Malang Town Square Mall (Matos). 

Furthermore, in Sukun Subdistrict, floods inundated Raya 

Candi II Street, Raya Candi III Street, Simpang Mega 

Mendung Street, Bandulan Street to Sigura Gura Residence 

Housing on Bendungan Palasari Street. In Kedungkandang 

Subdistrict, flooding occurred on Danau Ranau Street, Danau 

Toba Street, Danau Maninjau Raya Street, Colonel Sugiono 

Street and Danau Kerinci Street [17].  

Based on these events, a study is needed to determine the 

most influential factors in unplanned settlements on flood 

vulnerability in Malang City. The delineation of unplanned 

settlements is also based on several criteria that are determined 

based on expert references [18, 19]. The data used was a 

statistical spatial database obtained using remote sensing 

technology. The main source of processed data is the digital 

number value contained in a satellite image from the recording 

of reflected waves emitted to the Earth's surface and then 

recaptured by the satellite in the form of a raster image and 

limited by the delineation of unplanned settlements [20, 21]. 

The results of the data compilation would be analyzed using 

multiple linear regression analysis. The coefficient values 

would determine the strength and direction of the influence of 

each variable in the form of a model [22, 23]. 

This research can provide solutions to research gaps, and is 

unique in combining object-based classification and the use of 

multivariate analysis to assess flood vulnerability in 

unplanned settlements, especially those that occur in Malang 

City. This study uses remote sensing technology with high and 

medium resolution, and multiple linear regression analysis to 

quantitatively identify the influence of environmental and 

urban factors, this is something that is rarely discussed in 

previous research. This unique approach to solving the 

problem of unplanned settlements can provide new, more 

accurate insights for city planners in determining more 

effective and sustainable flood mitigation strategies.  

This research directly supports SDG goal 11, namely 

"Sustainable Cities and Settlements," with a focus on efforts 

to reduce the risk of flood disasters in urban areas, especially 

in unplanned settlements. This study is also in line with SDG 

target 13, namely "Action on Climate Change," by providing 

insight into the existence of urbanization and land use changes 

that directly influence flood vulnerability, as well as the 

importance of integrating climate risk mitigation into the 

preparation of urban spatial planning documents. 

 

 

2. METHOD 

 

2.1 Delineation of research location 

 

This research study used grid delineation boundaries in 

unplanned settlements in Malang. The delineation of 

unplanned settlements are determined using 5 criteria, which 

are:  

i. Irregular accessibility (road) pattern (unlike a grid 

pattern in Well Planned Settlements) 

ii. Relatively high building density 

iii. The existence of several building parcels that are 

not served by roads (at least neighborhood roads 

according to standards) 

iv. Loss of building boundary area (high percentage 

of BCR) 

v. The direction and size of the building parcels are 

irregular and very diverse 

These criteria are used to identify unplanned settlement 

areas, which are formed as grid units using GIS software and 

some supporting data, namely Google Earth imagery and 

Shapefile data [8, 24]. However, there are some exceptions to 

these criteria, such as land with public service, education, and 

industrial functions that cannot be classified as unplanned 

settlement areas. 

Unplanned settlements often form residential spaces built in 

areas that are not officially planned as residential spaces. The 

most prominent characteristic of unplanned settlements is that 

they are seen in low quality residential buildings that do not 

have adequate infrastructure and social facilities [4]. Several 

slum locations are included in the Unplanned Settlement 

delineation. Slums can also be identified based on physical 

characteristics, including high population of density > 1,250 

people/H, layout very irregular, building density reaches high 

levels of 250 or more per hectare, narrow house shape, poor 

sanitation and poor building quality and damage. Another 

feature of the settlement. Slums are also associated with 

industrial areas, next to the train tracks, close to the center of 

activity, and water areas [25]. 

 

2.2 Research variables 

 

Each research grid includes variables such as built-up land, 

open land, trees, rivers, rice fields, slope, elevation, and 

rainfall that could cause flooding in unplanned settlements [26, 

27]. Table 1 shows the variables that were used. 

 

2.3 Data collection method 

 

This study employs the remote sensing method to collect 

primary data that will be processed further in multiple linear 

regression analysis. The remote sensing method uses satellites 

to collect information data about the earth's surface without the 

need for direct physical contact at the desired location [8]. 

Sentinel, which provides satellite imagery known as Sentinel 

2A, was chosen for this study. The sharpness resolution of 
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Sentinel 2A satellite imagery is 10 x 10 meters, which provides 

more detailed land cover information than other satellite 

imagery. The Sentinel 2A satellite image used in this study 

was acquired on April 8, 2022, because that date was chosen 

because it was the date of the flood in Malang City that was 

expected to have the greatest impact. The images were 

processed using a supervised classification method that relies 

on a training sample to classify land cover. Maximum 

Likelihood Classification, which uses the level of pixel 

similarity to identify pixels into predetermined classes, is the 

name given to this guided classification process. Other 

researchers most commonly use Maximum Likelihood 

Classification, which is the most accurate guided classification 

method. This is based on calculating the similarity of each 

pixel under the assumption that homogeneous objects always 

have a normally distributed histogram.  

Secondary data was obtained from the Sub-National 

Development Planning Agency (BAPPEDA Malang City) in 

the form of slum location points and flood location points in 

Malang City. Secondary data comes in the form of shapefiles, 

reports, and table data that have been recognized by related 

parties and are used to delineate unplanned settlement areas. 

 
Table 1. Variables 

 
Variables Units Required Data 

Extent of 

Land Cover 

1. Built-up land 

2. Open land 

3. Vegetation 

4. Paddy field 

5. River land 

Percentage (%) 

Sentinel 2A raster imagery 

with the acquisition date 

08/04/2022 

Land slope Percentage (%) 
Raster DEM of Malang 

City 

Elevation of 

the terrain 

Meters above 

sea level (msl) 

Raster DEM of Malang 

City 

Rainfall 

intensity 

Millimeter 

(mm) 

BMKG rainfall data 

Malang City 

NDWI area Percentage (%) 

Sentinel 2A raster imagery 

with acquisition date 

08/04/2022 
Source: Study Result, 2022. 

 

2.4 Slope and topography data collection 

 

The Malang City raster DEM is used to provide spatially 

statistical slope and topography (land elevation). In Malang 

City, elevation and slope data are obtained by processing DEM 

or SRTM images. DEM data will be processed using GIS 

software and calculated in percentage (%) units. Analyzing a 

topographic map can reveal an area's slope [28]. 

To prove the correctness of the image results using field 

conditions, kappa accuracy was carried out to prove the 

accuracy of land cover classification in real conditions [12]. 

 
Table 2. Kappa accuracy test 

 
Kappa (%) Agreement 

<0 Less than change agreement 

1-20 Slight agreement 

21-40 Fair agreement 

41-60 Moderate agreement 

61-80 Substantial agreement 

81-99 Almost perfect agreement 

 

Table 2 explains the percentage of the kappa accuracy test. 

And in this study it has an accuracy value of 91% where the 

data taken is very close to the original field conditions. 

 

2.5 NDWi map generation 

 

NDWI values are calculated by converting Landsat 

Multispectral Image data into a Normalized Difference Water 

Index with a scale of -1 (low density) to +1 (high density). 

When it rains, the NDWI distribution map will be used to 

detect the location of water (flooding) or puddles in Malang 

City. Furthermore, data from image processing using GEE 

(Google Earth Engine) supports the accuracy of the 

distribution of flood locations in Malang City [24, 29]. 

 

2.6 Data analysis 

 

The evaluative analysis stage employs Multiple Linear 

Regression Analysis to combine the scoring of the 

independent variables, namely: land cover, slope, rainfall 

intensity, NDWI, and elevation, in order to determine the 

influence of each independent variable (X) on the dependent 

variable (Y), namely the presence of waterlogging, with 

justification from previous studies. With the scope of the 

Unplanned Settlement grid, data compilation was performed 

on the matrix data contained in each thematic map. The data 

compilation results are variable values that will be used as 

input for Multiple Linear Regression analysis to determine the 

value of the influence of independent variables on the 

dependent variable, namely the extent of flooding per 

Unplanned Settlement grid. 

 

 

3. RESULT AND DISSCUSSION 

 

3.1 Unplanned settlement delineation 

 

 
 

Figure 1. Three heat sources map of unplanned settlements 

delineation results for Malang City 2022 
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The number of unplanned settlement research grids 

discovered was 284, with each grid measuring 250m × 250m 

and covering an area of 62,500 m2. The size of 250m × 250m 

is based on the size of the settlement block, which is 

subjectively thought to represent the character of parcel 

distribution in one area. Thus, the unplanned settlement area's 

total delineation area is 17,750,000 m2. Each delineation grid 

has a variety of physical settlement characteristics, particularly 

in the morphology of neighborhood buildings. 

The density of the building, the pattern of the road network, 

as well as the direction (facing) of the building and the size of 

the building, which tends to be heterogeneous as in the 

community village, all contribute to the diversity of the 

physical character of the building. The physical condition of 

the settlements is more homogeneous and neater than the 

morphology of building parcels in Well Planned Settlement. 

This can be seen in the grid-shaped road network, 

homogeneous building sizes, and lower building density. The 

distribution of unplanned settlement areas is shown below. 

According to Figure 1, the unplanned settlement delineation 

grid is almost evenly distributed in Malang City, particularly 

in densely populated urban areas rather than on mountain 

slopes. The majority of the Unplanned Settlement delineation 

grids are scattered in areas with a lot of heterogeneous parcels 

that are not served by neighborhood roads and are only served 

by narrow roads, and it is very clear on the image that the 

Unplanned Settlement appears to have almost no road network 

in a collection of parcels in one area. Furthermore, the pattern 

of Unplanned Settlement can be divided into two settlement 

pattern characteristics: collective and linear. Linear 

Unplanned Settlement is commonly found in areas near 

collector roads, railroad borders, and river borders. While the 

village area has a collective settlement pattern.  

It can be seen in the figure that the Kedungkandang area has 

a large unplanned settlement area compared to other sub-

districts in Malang city. Meanwhile, Blimbing sub-district has 

fewer unplanned settlement areas. 

It should be noted that several slum locations are included 

in the Unplanned Settlement delineation, as shown in Figure 2. 

This reinforces the fact that Unplanned Settlement has a 

relationship with slums. A slum is a general impression or 

description of low attitudes and behavior as seen from the 

middle class's standard of living and income [25]. Slums, in 

other words, can be interpreted as a signal from the established 

upper class to the unestablished lower class. Slums are a 

deterioration or damage to the environment from both a 

physical and a community/social standpoint, namely 

disturbances caused by natural elements such as water and air, 

as well as disturbances caused by humans themselves such as 

traffic density and garbage [30-32]. 

In this study, slums are only mentioned as background 

information for further research, in order to provide the 

findings of the relationship between Unplanned Settlement, 

slums, and flood locations. The distribution points of slum 

house locations in Malang City are shown below, overlaid 

with Unplanned Settlement delineation grid shapefile data. 

 

 

  

Collective Pattern: Settlements 

gather on riverbanks 

Collective Pattern: Settlements gather in 

urban settlements and it can be seen that 

many building parcels are not served by 

neighborhood roads (at least) 

Collective Pattern: Settlements are 

collected and are heterogeneous, the 

direction and size of the buildings tend 

to be varied 

 

 

 

Linear Pattern: Settlements with a 

linear pattern on the border of the 

railroad and are located adjacent to 

industrial areas 

Linear Pattern: Settlements with a linear 

pattern on the railroad borders and are 

adjacent to industrial areas 

Linear Pattern: Settlements with a linear 

pattern on river banks and are 

considered to have a risk of minor 

landslides and floods 

 
Figure 2. Malang City unplanned settlements settlement pattern 2022 
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3.2 Malang City land cover 

 
The interpretation results produced after processing 

Sentinel 2A rasters reveal the land cover in Malang City. The 

raster used has an acquisition date of April 8, 2022. Land cover 

classification was performed on the processed Malang City 

raster with the Malang City area as a whole in mind. The 

images were processed using a supervised classification 

method that relies on a training sample to classify land cover. 

The Maximum Likelihood Classification process is used for 

guided classification, which uses pixel similarity to identify 

pixels into predetermined classes. Maximum Likelihood 

Classification is the most accurate guided classification 

method and is used by the majority of researchers [33]. The 

classification of land cover that is interpreted broadly is the 

distinction between vegetated and non-vegetated areas. In this 

study, vegetation areas are classified as grassland, shrubland, 

sparse tree vegetation, and dense tree vegetation. While non-

vegetated land cover in this study is represented by open land 

and built-up land, as illustrated in Figures 3 and 4. 

In Figures 3 and 4, it can be seen the distribution of land 

cover in Malang City. Land cover in Malang City is dominated 

by built-up land in four sub-districts, namely Lowokwaru, 

Sukun, Klojen, and Blimbing. Meanwhile, the 

Kedungkandang sub-district is still dominated by trees. The 

predominance of built-up land increases surface runoff and 

flood risk, while areas with vegetation help reduce this risk. 

These results show the importance of maintaining green 

spaces with the aim of reducing flood risk, and this strongly 

supports sustainable urban planning. City planners really need 

to implement stricter and more precise regulations in 

managing development in dense areas, and consider always 

prioritizing the preservation and restoration of green open 

spaces, so that a more resilient urban environment can be 

achieved. 

 

 
 

Figure 3. Land cover map of Malang City 
 

 
 

Figure 4. Land cover map of unplanned settlements in 

Malang City 2022 
 

3.3 Malang City land slope 
 

The slope is obtained in this study from the results of 

processing DEM or SRTM raster images using several 

features in ArcGIS software to produce a slope raster output 

with pixel accuracy in degrees [34, 35]. The accuracy and 

precision of slope calculations play a crucial role in terrain 

analysis, hydrological modeling, and land cover classification. 

The slope maps derived from DEMs provide valuable insights 

into the topographic characteristics of the terrain, enabling 

researchers to analyze landforms, assess terrain stability, and 

model surface processes.  
 

 
 

Figure 5. Slope map of Malang City 
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Figure 6. Unplanned settlement slope map of Malang City 

 
The slope map of Malang City, like the land cover map, 

must be overlaid with the Unplanned Settlement delineation 

grid shapefile data. This will display the slope conditions in 

the unplanned settlements area. This is intended to make the 

process of collecting data on the area of land cover in the 

Unplanned Settlement area more efficient. Figures 5 and 6 

show the results of DEM data image processing that produced 

a slope distribution map of Malang City.  

In Figures 5 and 6, it can be seen the distribution of Malang 

City with high to low slopes. The land elevation in Malang 

City is dominated by undulating slopes (2-15%). with some 

scattered areas having steep slopes (>40%). The slope of the 

land is a key factor in determining areas suitable for 

development, especially for built or unplanned residential 

areas. In this context, it can be seen that residential 

development in Malang City tends to be concentrated in 

certain locations that have relatively moderate to steep land 

slopes. The increase in building density in this area is a clear 

indication of increasing slum conditions. 

 
3.4 Malang City elevation 

 
Digital Elevation Models (DEM) are essential in geospatial 

analysis, providing elevation or elevation information for a 

variety of applications. DEM accuracy is critical for reliable 

elevation estimation and terrain modeling. Techniques such as 

grid-based DEM analysis, vertical accuracy assessment, and 

elevation model comparison are used to evaluate the quality 

and precision of DEM [36].  

Figures 7 and 8 show the results of DEM data image 

processing that produced a slope distribution map of Malang 

City. It can be seen the distribution of the city of Malang with 

high to low land elevations. land elevations in the city of 

Malang are dominated by elevations of 455-520 m. The 

Malang City still has the potential for flooding because there 

is still higher ground in the area around the Malang City. 

The elevation factor of an area must be considered in the 

spatial planning of Malang City. City planners need to protect 

low-elevation areas through good drainage infrastructure and 

preservation of green open spaces aimed at increasing water 

absorption. The focus of flood risk mitigation in a city must be 

directed at areas that have high risk, with the aim of reducing 

negative environmental and social impacts, so that it can 

support the development of a more resilient and sustainable 

city. 
 

 
 

Figure 7. Malang City altitude map 
 

 
 

Figure 8. Unplanned settlement slope map of Malang City
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3.5 Malang City climates 
 

Rainfall intensity data is required because it is one of the 

variables that influences flood vulnerability or the occurrence 

of inundation in a given area. Data on the distribution of 

rainfall intensity in Malang City was obtained from the BMKG 

Malang City website by obtaining data on the distribution of 

rainfall intensity in Malang City in 2022, adjusted to the date 

of acquisition of Sentinel 2A raster data. Data on the 

distribution of rainfall intensity in Malang City was manually 

digitized using ArcGIS software; this was necessary because 

the website does not provide rainfall intensity shapefile data, 

as shown in Figures 9 and 10. 
 

 
 

Figure 9. Malang City rainfall map 
 

 
 

Figure 10. Map of rainfall in unplanned settlement of 

Malang City 

In Figures 9 and 10, it can be seen the distribution of Malang 

City with high to low rainfall. in the northern part of the city 

of Malang (Lowokwaru and Blimbing) is dominated by 

rainfall of 21–50 mm and is classified as moderate. whereas 

the southern part of Malang City (Klojen, Sukun, and 

Kedungkandang) is classified as high with rainfall of 51–100 

mm. 

On the rainfall factor, Malang City has a rainfall intensity 

that is not classified as high in the northern area. But there is 

high rainfall in the south, and this is an area with dense 

residential areas. On one side, the drainage in Malang City is 

insufficient or adequate during the rainy season. So there are 

still areas that experience flooding, and this happens in dense 

settlements. Malang city planning must make rainfall 

variations an important consideration, with a focus on 

improving drainage infrastructure in areas that have high 

rainfall and high residential density. The high potential risk of 

flooding can be overcome by preserving green open spaces, to 

support sustainable city development. 

 

3.6 Malang City NDWI 

 

Normalize Difference Vegetation Index (NDVI) is an index 

of greenness or photosynthetic activity of vegetation, and one 

of the most frequently used vegetation indices. NDVI will later 

be used to obtain vegetation density distribution values in 

Malang City. The NDWI distribution value is required because 

it is one of the variables that causes an increase in flood 

proneness. The NDWI value is used as one of the variables in 

this study, despite the fact that it has little logical influence. 

Several references in the context of GIS and spatial map 

processing, however, support the use of the NDWI value to 

measure the distribution of inundation during heavy rainfall, 

but only between the time of the event and the date and time 

of Sentinel 2A raster data acquisition. The results of NDWI 

raster data processing are supported in this study by the results 

of NDWI Calculation using GEE (Google Earth Engine), as 

shown in Figures 11 and 12. 

 

 
 

Figure 11. NDWI map of Malang City 2022 
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Figure 12. Map of NDWI in unplanned settlements 2022 

 

The NDWI value is utilized to assess the distribution of 

inundation during heavy rainfall in Malang City. Figure 11 and 

Figure 12 show the distribution of areas that have high or even 

low rainfall, by comparing it with the density of vegetation in 

the area. With the high density of vegetation, it can be seen 

which areas in Malang City have the potential for flood 

disasters. 

On the NDWI map, there is a map of the distribution of 

existing vegetation. In Malang City, specifically in the central 

area, built-up land has been filled, including unplanned 

settlements, which causes flood disasters in central urban 

areas. The difference is that as you move away from the city 

center, there is still a lot of vegetation, which reduces the 

impact of high rainfall. and as the years go by, the demand for 

settlements also increases, which, if not monitored properly, 

will result in more unplanned settlements than the amount of 

existing vegetation. 

These NDWI results show the importance of maintaining 

and increasing the existence of green open space in Malang 

City, especially in areas that have dense built-up land and are 

very vulnerable to waterlogging. Urban planners must be able 

to focus on effective stormwater management and preservation 

of vegetation conditions, with the aim of reducing the risk of 

inundation and supporting more sustainable urban 

development. 

 

3.7 Multiple Linear regression analysis 

 

The Multiple Linear Regression method was used in this 

study to calculate the effect value of each independent variable 

on the dependent variable. Previously, however, a classical 

assumption test on the compilation of research variable data 

was required. The results of the classical assumption test on 

the data compilation in this study are as follows: 

a. Autocorrelation Test 

The Durbin Watson value is 2.055, as shown in the 

summary model in Table 3. When compared to the Durbin 

Watson Table with the limits of the dL and dU values on the 

number of samples n = 284 and the number of variables n = 8, 

the result is that the autocorrelation problem is avoided. 

 

Table 3. Model summary 
 

Model R 
Std. Error of the 

Estimate 
Durbin-Watson 

1 0.877a 8.55082 2.055 

 

b. Multicollinearity Test 

Table 4 shows that the VIF (variance inflation factors) 

values on all predictor variables are less than 10, indicating 

that the independent variables used avoid multicollinearity 

issues. 

 

Table 4. Coefficience 
 

Model Sig. 
Collinearity Statistics 

Tolerance VIF 

1 (Constant) 0.000   

 X1 0.000 0.958 6.002 

 X2 0.000 0.991 1.044 

 X3 0.000 0.937 1.009 

 X4 0.000 0.959 1.068 

 X5 0.000 0.667 1.043 

 X6 0.021 0.907 1.499 

 X7 0.008 0.662 1.103 

 X8 0.002 0.958 1.510 

 

c. Normality Test 

The normality test in Table 5 is used to determine whether 

or not the data is normally distributed. Normally, this means 

that the significance level is less than 5% or 0.05. 

 

Table 5. Kolmogrov Smirnov 

 
Unstandardized Residual 

N  284 

Normal Parameters
a,b

 Mean 0.0000 

 Std. Deviation 7.96131704 

Kolmogorov-Smirnov Z  1.398 

Asymp. Sig. (2-tailed)  0.200 

 

The results of the Kolmogrov Smirnov test on the research 

data using SPSS show that the data is normally distributed, as 

indicated by a sig value greater than 0.05 or 5%, namely 0.054. 

A sig value greater than 0.05 indicates that it is not significant, 

or that the data is relatively similar to the average, and thus it 

is referred to as normal. 

 
Table 6. Glesjer 

 

Model 
Standardized Coefficients 

t Sig. 
Beta 

1 (Constant) 0.07 3.012 0.003 

 X1 0.580 -10.408 0.570 

 X2 -0.307 -11.845 0.000 

 X3 -0.344 -21.856 0.000 

 X4 -0.653 -13.602 0.000 

 X5 -0.401 1.556 0.000 

 X6 0.055 -2.661 0.121 

 X7 -0.081 1.128 0.008 

 X8 0.040 -10.408 0.260 
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d. Heteroscedasticity Test 

According to Table 6, the research data does not have 

heteroscedacity issues because the sig value of each 

independent variable exceeds 0.05, indicating that it is not 

significant. So that no variable exhibits symptoms of 

heterosecdacity. 

Because the data does not fail the classical assumption test, 

it is ready to be analyzed using multiple linear regression 

methods. The following are the model results of the multiple 

linear regression analysis process: 

 
Y = 0.07 + (0.580) X1 + (-0.307) X2 + (-0.344) X3 + (-

0.653) X4 + (-0.401) X5 + (0.055) X6 + (-0.081) X7 + 

(0.040) X8 

 
where, 

Y= Flood Area (%) 

X1= Built-up Area (%) 

X2= Open Space (%) 

X3= Trees (%) 

X4= River (%) 

X5= Field (%) 

X6= Slope (Average) 

X7= Land Height (Average) 

X8= Rainfall (Average) 

To determine the most influential factors in unplanned 

settlement areas on flood vulnerability, a three-stage model 

feasibility test (model reliability test, regression coefficient 

test, and determination coefficient test) was conducted. The 

model feasibility test results are as follows. 

e. Model Reliability Test 

According to Table 7, the sig value is 0.000, which is less 

than the significance level of 5% or 0.05, implying that the 

regression model is adequate for explaining the influence of 

all independent variables on flood vulnerability. 

 
Table 7. Anova 

 

Model 
Sum of 

Squares 
Df 

Mean 

Square 
F Sig. 

1 Regression 582.434 7 83.205 4.548 0.000
a
 

 Residual 4957.428 271 18.293   

 Total 5539.863 278    

 
f. Regression Coefficient Test 

According to Table 4, all independent variables have a 

prob.t value less than the significance value of 5% or 0.05, 

indicating that all independent variables have a significant 

influence on the dependent variable, namely flood 

vulnerability, with a confidence level of 95%, indicating that 

all independent variables are eligible to be independent. 

g. Coefficient of Determination Test 

According to Table 8, the proportion of influence of all 

independent variables on the dependent variable, namely flood 

vulnerability, is 0.847 or 84.7%. This is shown in the R Square 

column of the model summary table. 

 
Table 8. Model Summary 

 
Model R R Square Adjusted R Square 

1 0.920
a
 0.847 0.843 

 

 

3.8 Influence of environmental and urban factors on the 

percentage of flood area 

 

Multiple linear regression analysis in this study assesses the 

influence of various environmental and urban factors on the 

percentage of flood area. Before delving into regression 

analysis, several classical assumption tests were carried out to 

ensure the validity of the model. The autocorrelation test 

shown by the Durbin-Watson value of 2.055 confirms that 

there is no autocorrelation in the data, thereby ensuring that 

the observations are not dependent on each other. The 

multicollinearity test as evidenced by the Variance Inflation 

Factor (VIF) values which are all below 10 proves that there is 

no excessive correlation between predictors, so that the 

integrity of the model is maintained [37]. Additionally, the 

normality test shows that the residuals are normally distributed, 

as indicated by the non-significant Kolmogorov-Smirnov 

results, and the heteroscedasticity test shows consistent 

variance across the entire data range, thus confirming the 

robustness of the model. The formulated regression equation, 

Y = 0.07 + 0.580X1 - 0.307X2 - 0.344X3 - 0.653X4 - 0.401X5 

+ 0.055X6 - 0.081X7 + 0.040X8, clearly quantifies the impact 

of each variable on flood vulnerability.  

Positive coefficients for built-up area (X1) and rainfall (X8) 

indicate that an increase in these variables leads to an increase 

in flooded area, indicating the impact of urbanization and 

weather patterns. Urban expansion is associated with a 

significant increase in surface area and water runoff, resulting 

in more frequent flooding even with lower intensity rainfall 

[38]. Land cover transformation, especially an increase in 

built-up areas and impervious surfaces, has been associated 

with increased flood risk and reduced infiltration capacity, 

leading to increased flood events [39]. 

On the other hand, open space (X2), trees (X3), rivers (X4), 

and fields (X5) show negative coefficients indicating their role 

in reducing flood risk through water absorption and improving 

natural drainage. Open spaces and natural features such as 

trees and fields have been recognized for their ability to absorb 

water, reduce water runoff, and increase infiltration rates, 

thereby reducing the area that is flooded during heavy rains 

[40]. Trees and forests play an important role in reducing flood 

risk by increasing soil infiltration, canopy interception, and 

overall water retention capacity, thereby reducing the impact 

of urbanization on flood vulnerability [41]. In addition, the 

presence of rivers and natural drainage features contributes to 

water transport efficiency and flood mitigation, thus 

emphasizing the importance of preserving natural waterways 

in flood risk management [42, 43]. 

The overall reliability of the model and its explanatory 

power were confirmed by a significance F value of less than 

0.05, indicating that the model predicted the dependent 

variable statistically significantly. The R-squared value of 

0.847 indicates that about 84.7% of the variability in flood 

vulnerability is explained by the model, which underlines the 

large impact of environmental and urban factors on flood 

dynamics [44, 45]. This analysis not only highlights important 

areas for urban planning and environmental management, but 

also provides a quantitative basis for implementing targeted 

flood mitigation strategies in urban areas. 
 

3.9 Management recommendations based on regression 

analysis 
 

Based on the results of the regression analysis carried out, 
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various adaptation and mitigation measures need to be carried 

out in Malang City, especially in unplanned settlements. 

 

3.9.1 Infrastructure improvement 

Improving infrastructure to manage flood risks effectively 

in urban areas involves a combination of constructing flood 

barriers and enhancing soil permeability. Strategies such as 

building levees, dikes, flood walls, and flood gates along 

riverbanks are crucial. Levees act as canalization works, 

limiting river connectivity with floodplains, raising water 

levels, and reducing the risk of water overflow, thereby 

helping to control and manage floods [46]. Additionally, flood 

walls and gates provide a physical barrier that can help prevent 

flood waters from inundating the surrounding area [47]. These 

structures, made from materials like earth, concrete, and steel, 

are designed to contain rising river levels and prevent overflow, 

thereby protecting adjacent residential and commercial areas. 

Residents and settlements along riverbanks and floodplains 

are at risk of inundation during flooding, and the 

implementation of effective flood mitigation measures such as 

embankments and embankments is essential to reduce the 

impact of flooding on these communities [48]. 

In addition, diversion canals play an important role by 

diverting excess water from populated areas, thereby reducing 

pressure on natural waterways. Diversion channels are 

superior to other flood management measures in certain areas, 

indicating the effectiveness of diversion channels in reducing 

flood risk [49]. Optimal river diversion scenarios have been 

proposed to increase the sustainability of urban deltas, 

indicating the importance of strategic planning in flood 

diversion projects [50]. However, challenges may arise in 

preventing urban development through these routes, especially 

if they are rarely used for flood transport [51]. Across these 

approaches, flood resilience can be improved, offering a 

comprehensive framework for managing flood risk in a variety 

of situations. 

Increasing soil permeability in fields and open spaces is 

very important to increase rainwater absorption and reduce 

surface runoff. Collecting rainwater and installing permeable 

concrete can increase the absorption capacity of water entering 

the soil, purify the water runoff system, recharge groundwater, 

and the final result is minimizing the risk of flooding [52]. The 

use of permeable pavement systems on a sustainable basis is 

very effective in reducing peak flows and the volume of water 

runoff on the surface, this can even be done in areas with poor 

soil drainage [53].  

Infrastructure improvements require large investments and 

very careful planning to ensure sustainability in the 

community can be implemented properly. Environmental 

impacts must also be carefully considered, such as potential 

changes to natural waterways and the existence of local 

ecosystems. The two main factors that control the spatial 

distribution of flash floods are the area of the water catchment 

area and the density of the drainage network, which really need 

to be considered in every city spatial plan [54]. Overall, 

implementing these strategies in residential areas can mitigate 

flood risks, increase the resilience and sustainability of the 

urban environment, protect property and life from the negative 

impacts of flooding that are so important to avoid. 

 

3.9.2 Enhancing green spaces 

Strategies to increase green space in urban areas, especially 

in unplanned settlements, are very important to mitigate flood 

risk. Parks, gardens, and even small areas of vegetated land, 

can naturally increase water infiltration into the soil and reduce 

surface water runoff, which is very important in preventing 

and reducing the risk of urban flooding [55, 56]. Trees, shrubs 

and grass have the natural ability to increase soil porosity and 

stabilize the soil, so they can help absorb more rainfall and also 

reduce land erosion, this is an important factor in maintaining 

the efficiency of urban drainage systems. 

Implementing green space in dense urban environments can 

be a challenge, space limitations are the main issue that needs 

to be considered. However, innovative solutions such as green 

roofs and vertical gardens can help solve this problem, by 

implementing strategies using roofs and vertical surfaces as 

places to create absorbent areas that can retain rainwater. This 

vertical garden provides an opportunity for the community to 

utilize vertical surfaces to collect rainwater, thereby increasing 

water absorption and retention in residential environments 

[57]. Another alternative solution is permeable pavement 

which allows rainwater to seep into the ground without 

difficulty, thereby reducing runoff which would flood the 

urban drainage system. Permeable pavements are effective in 

reducing stormwater runoff in developed urban areas, 

indicating their important role in improving water flow and 

flood management [58]. 

In addition, building features such as rain gardens and 

bioswales in residential and commercial areas can serve to 

capture runoff and increase the natural absorption of rainwater. 

Rain gardens, which are multi-layered structures with 

vegetation cover, are designed to manage rainwater runoff 

from impervious surfaces such as roofs, sidewalks and car 

parks. This system directs rainwater to the garden to be filtered, 

retained, and slowly discharged into groundwater, the 

surrounding local drainage system, and into the reservoir [59]. 

Rain gardens can significantly improve the runoff response of 

suburban watersheds, making them a highly likely option in 

urban watershed management and restoration strategies, as 

they are cost-effective [60]. These installations not only have 

good function but also aesthetic appearance, so it can be 

concluded that they contribute to biodiversity and urban 

beauty. A larger scale initiative could be carried out by 

developing a community park with an integrated wetland or 

pond, which functions as a natural water reservoir when heavy 

rain occurs. 

Formulating and integrating green space into city planning 

does not only function as a flood management strategy. If we 

can choose the right alternatives and strategies, the existence 

of this green space can improve the quality of life of its 

residents, enrich urban biodiversity, and create a more resilient 

and sustainable urban environment. The role of green space in 

urban infrastructure is something that deserves to be 

prioritized, so it is important for city planners to prioritize 

these features in their city planning strategies. 

 

3.9.3 Urban planning 

Strategic control is needed in integrating flood risk 

management into city planning and implementing drainage 

systems in built-up urban land areas. The use of flood 

vulnerability analysis can be done by developing flood 

mitigation strategies in land use planning [61]. Legislation 

discussing zoning must strictly limit development in flood-

prone areas, while building regulations must require the 

construction of construction that is resistant to flood disasters. 

The implementation of zoning regulations is a very smart 

sustainable step to reduce the overall risk of flooding in flood-

prone areas [62]. Urbanization, which has the impact of 
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increasing residential density in traditional cities and low-

income communities, has been identified as one of the factors 

that can worsen flooding in urban water catchment areas. This 

underscores the importance of zoning regulations in managing 

flood hazards in rapidly developing areas [63]. Prioritizing 

flood-prone areas through spatial data analysis is critical to 

identifying zones that require detailed assessment and 

implementing zoning laws to limit development in high-risk 

areas [64].  

Effective land use planning should preserve natural 

waterways and direct urban growth away from flood-prone 

areas. Implementation of zoning laws that limit development 

in flood-prone areas, coupled with flood-resistant construction 

practices mandated by building codes, can help reduce flood 

risk and protect vulnerable areas [65, 66]. Limiting and not 

developing this area means that this area can carry out a natural 

flood control function. Developing an integrated policy 

framework aligning flood risk management with broader 

urban development goals such as sustainability and resilience.  

 

3.9.4 Community engagement 

Involving local communities in flood prevention strategies 

will significantly increase their effectiveness by ensuring that 

solutions are tailored to specific local conditions and historical 

flood patterns. Local communities play an important role in 

flood prevention strategies by providing valuable knowledge, 

mitigation strategies, and increasing community resilience 

[67]. Remembering and relating flood stories to personal 

experiences and practices can contribute to developing 

community resilience to future flood risks [68]. This approach 

emphasizes the importance of ongoing flood memory and lay 

knowledge in strengthening community resilience efforts.  

Community participation enhances maintenance efforts and 

contributes to the overall effectiveness of flood prevention 

strategies. This engagement also increases residents' 

awareness and preparedness for flood events through 

education about vigilant monitoring of flood prevention 

infrastructure, leading to prompt identification and resolution 

of issues. Low community knowledge and ineffective law 

enforcement in controlling and protecting river borders are 

obstacles to community participation in spatial planning [69]. 

Involving local communities in flood prevention strategies 

allows the creation of solutions that are adapted to specific 

local conditions and historical flood patterns, thereby 

ultimately increasing the effectiveness of flood prevention 

efforts sustainable practices and emergency procedures [70].  

Strengthened trust and cooperation between residents and 

local authorities improve communication and compliance with 

flood management measures. Increased engagement between 

local residents and authorities contributes to greater social 

trust, more local motivation, and ultimately real action towards 

flood preparedness on the part of local residents [71]. 

Ultimately, community involvement empowers residents, 

fosters a sense of ownership and responsibility that encourages 

the sustainability of flood risk management efforts and builds 

resilience in communities. 

 

3.10 Limitations and future research 

 

It is important to acknowledge several limitations in this 

study. First, the use of secondary data, such as rainfall data, 

elevation maps, and satellite images, can affect the accuracy 

of the analysis results. This secondary data, although very 

helpful, does not always describe the latest or real-time 

conditions of the study area, so it can reduce the precision of 

flood vulnerability predictions and modeling. Second, the 

focus of this study is limited to discussing one city, namely 

Malang City, which means that the results and findings from 

this research may not be completely generalizable to other 

regions that have different geographic characteristics, climate 

or spatial planning patterns. So further research is needed 

covering several cities or regions with varying conditions to 

strengthen the validity of the findings and increase their 

applicability in a wider context. 

Despite these limitations, the results of this research have 

very important implications for sustainable urban 

development, which can be applied in urban areas that have 

almost the same characteristics as the city of Malang. The 

findings regarding the distribution of flood vulnerability and 

the important role of green open spaces, as well as effective 

water management can be used as a reference in urban spatial 

planning. City planners must be able to consider integrating 

environmental risk mitigation into city planning documents to 

reduce the impact of disasters and increase the city's resilience. 

Improving drainage infrastructure, preserving vegetation, and 

wiser management and regulation of land use are strategic 

steps that can be taken and used to realize more resilient and 

sustainable city development. In addition, further research in 

the future involving primary data and analysis in various cities 

that have different characteristics, will be very helpful in 

validating and expanding the application of these findings on 

a wider scale, so that more and more urban areas become better 

in the future. 

 

 

4. CONCLUSIONS 

 

In Malang City, unplanned settlement is almost evenly 

distributed, particularly in densely populated urban areas. The 

majority of Unplanned Settlements are dispersed in built-up 

land areas with heterogeneous physical conditions of parcels 

that are not served by neighborhood roads. The image clearly 

indicates that unplanned settlements lack a proper network and 

tend to cluster in specific areas. Furthermore, the pattern of 

Unplanned Settlement can be classified into two types: 

collective and linear. Linear Unplanned Settlement is 

commonly found in areas near collector roads, railroad borders, 

and river borders. While the village area has a collective 

settlement pattern.  

The presence of slums in the Unplanned Settlement 

delineation also indicates that slums are included in the 

Unplanned Settlement category, where the Unplanned 

Settlement criteria must also be related to slums. However, this 

cannot be discussed further because slums require more in-

depth analysis, such as social and economic conditions, which 

are not covered in this study. 

According to the results of the Multiple Linear Regression 

analysis, slope is the independent variable with the highest 

negative coefficient value. As a result, the higher the value of 

the degree of slope, the lower the risk of flooding. However, 

keep in mind the role of variables in influencing flood 

vulnerability, such as land cover, particularly built-up land, 

which has the highest positive coefficient value. As a result, 

the greater the percentage of built-up land cover in an area, the 

greater the risk of flooding. This is due to the lack of water 

absorption areas in the area, such as open land and trees.  

Furthermore, the open land and trees variable has a 

relatively high negative influence value, implying that the 
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more open land or trees there are in an area, the lower the 

potential for flooding or inundation of rainwater. When 

compared to other land cover variables, rivers and rice fields 

have no significant influence value, so rivers and rice fields 

have little impact on the potential for flooding in an area. Many 

areas with watersheds are frequently observed to have 

inundation or flooding.  

Based on the model's interpretation, stakeholders will need 

to engage in planning activities to anticipate flooding in 

Malang City in a variety of ways: 

i. Implementation of Flood Risk-Based Zoning 

Regulations: implement zoning regulations that take 

into account flood vulnerability, especially in 

unplanned settlements and low-lying areas, to limit 

development and allocate needed green open space. 

ii. Increasing Drainage Infrastructure Standards: 

tightening drainage infrastructure standards, 

especially in areas with high density and high rainfall, 

to reduce the risk of flooding. 

iii. Integration of Green Open Space in Spatial Planning: 

encouraging the preservation and expansion of ideal 

green space in urban spatial planning to increase 

water absorption and reduce the potential for urban 

flooding 

iv. Implementation of Environmentally Based 

Development: implementing environmentally 

friendly building standards, especially in flood-

prone areas, such as permeable materials and 

appropriate rainwater management systems 

v. Community Involvement in Flood Risk 

Management: involving the community in flood risk 

management through educational programs and 

ongoing community participation, so that the 

community can support all programs determined by 

the city government and always be prepared if a 

flood disaster strikes in their area of residence. 

The results of this research have very significant 

implications for achieving SDG targets, especially SDG 11 

and SDG 13. Implementation of flood risk-based spatial 

zoning regulations and improving drainage infrastructure 

standards recommended in this study will greatly help reduce 

vulnerability to disasters in urban areas, supporting 

development a more resilient and sustainable city. In addition, 

preserving and increasing the existence of green open spaces 

as part of a flood mitigation strategy also supports global 

efforts to deal with climate change, in accordance with SDG 

13 targets. 

Therefore, this research not only contributes to the existing 

scientific literature, but also offers practical solutions that can 

help cities with similar characteristics in all parts of the world, 

to achieve overall sustainable development goals. It is hoped 

that the resulting model can be used as material in making 

development policies for these cities to overcome flooding 

problems caused by unplanned settlements in their cities. 
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